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March 19, 1997

The National Marine Fisheries Service, the Environmental Protection Agency, and the U.S. Fish and
Wildlife Service are pleased to make available to you a pre-publication copy of An Ecosystem Approach
1o Salmonid Gonservation, familiarly known as the “ManTech Report™. The authors, Robert Hughes,
Brian Spence, and others (Management Environmental Technology Inc.) have accomplished the
formidable task of providing a scientific basis for an ecosystem approach to salmon conservation in the
Pacific Northwest and northern California. To receive your complimentary copy please return the
enclosed form. ‘ R

- -
[

Part [ is a review of the literature on biological and physical processes creating and affecting salmonid
habitats and populations. This is the technical foundation for Part II which crafts this large body of
information into a conceptual framework and recommends specific guidelines for developing,
monitoring, and implementing conservation efforts to achieve basin and regional goals. Part III lists
information resources that landowners and agencies alike may find useful. The document serves as an in-
depth information resource and a tool for anyone involved in salmon conservation 1ssues, whether
through Habitat Conservation Plans (HICPs) or other effons

This report is mtended to benefit both agency and non-agency personnel concerned about and or working
on freshwater salmon habitats. To this end, we hope that you and others you share this with will benefit
from the comprehensive content and, ultimately, from the implementation of this ecosystem approach to
salmonid conservation. Please recognize that the approach and recommendations provided represent the
authors’ independent review of the sciences of salmonid conservation. It is not a decision document,

The chalienge that lies ahead is for all'of us, together, to translate these ideas into programs and policies
that benefit the salmon populations we are charged to conserve, '

We will soon publish this report as a Technical Memorandum and in electronic form on the NOAA
homepage address (http://WWW.NOAA.GOV). An executive summary of the report is presently
available at this location, If you have any questions regarding circulation or additional coplcs please
contact Jason DeSanto, 503/231—2308

Sincerely,

LM Sl v

William Stelle, Jr.
Regional Administrator

(‘_‘ ‘ hﬂg-é'*, 15 ‘L-'}\%  National Marine Fisheries Service

-, -
e it L
ot o
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Abstract

Populations of wild anadremous and resident
salmonids continue to decline throughout much of the
Pacific Northwest and northern California. Several
stocks are presently listed as threatened or
endangered under the Federal Endangered Species
Act, Degradation of freshwater and estuarine habitats
contribite substantially to this decline, Although
Federal, State, and Tribal programs have been
established, no coordinated, region-wide strategy
exists to develop habitat conservation plans, foster .
habitat protection and restoration beyond minirnum
requirements on nonfederal lands, or encourage
education and training.

This document provndes the technical basis from
which government agencies and landowners can
develop and implement an ecosystem approach to

. habitat conservation planning, protection, and

restoration of aquatic habitat on nonfederal lands.

The report also describes a process for developing,
approving, and monitoring habitat conservation plans,
pre-listing agreements, and other conservation
agreements for nonfederal ]ands to be consistent with
the mandates of applicable legal requirements.

Three parts constitute the body of the document.
Chapters 1-10 supply the technical foundation for
understanding salmonid conservation principles from
an ecosystem perspective; over 50 years of reported
scientific research has been synthesized to describe
physical, chemical, and biclogical processes
operating across the landscape, within riparian areas,
and in aquatic ecosystems as well as the effects of
human activities on these processes. Chapters 11-16
provide a general conceptual framework for
achieving salmonid conservation on nonfederal lands
in the Pacific Northwest, including specific guidelines
for developing, monitoring, and implementing

habitat conservation plans within the larger context of
basin and regional conservation goals. An appendix
lists informatjon resources that landowners and
agencies may find useful in developing. and
evaluating habitat conservation plans. Over 1100
sources are cited within this document.

The perspective we present in this document is
anchored in the natural sciences. Although we touch
on social, economic, and ethical concerns, an
exhaustive discussion of these issues is beyond the
report’s scope. Nevertheless, our socioeconomic
systems and values shape our perceptions of natural
resources and drive our demands for them. The fate
of salmonids in the Pacific Northwest is inextricably
interwoven into this natural-cultural fabric. Just as

Aancamzatinn cteatagiac that are nat haced an ennnd

ecological principles will ultimately fail, ecological
approaches that ignore socioeconomic values,

- political realities, and ethical issues are also at high

risk of failure. In light of this inter-dependency
between biological and social realms, we view this
document as one piece of a conservation-restoration
puzzle to be integrated into a more comprehensive
assessment of what we as a society want and value,
what legacy we wish leave to future generations, and
how we can get there from here.

Key words

salmonids, aquatic ecosystems, aquanc hab:tat
land-use effects, environmental monitoring,
environmenial law, environmental regulations,
disturbances, management systems, riparian habitar,
watershed processes, habitat restoration, conservation
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Preface

Populations of wild anadromous and resident
salmonids are in decline throughout much of the
Pacific Northwest and northern California. Several
stocks are presently listed as threatened or
endangered under the Federal Endangered Species
Act (ESA), and continued losses are likely to result
in additional ESA listings. A significant cause of
saimonid declines is degradation of their freshwater
and esmuarine habitats. Although Federal, State, and
Tribal conservation and restoration programs have
been established, there is no coordinated, region-wide
Federal strategy for developing habitat conservation
plans pursuant to ESA, for fostering habitat
protection and restoration beyond minimum ESA
requirements on nonfederal lands, or for providing
education and training in habitat protection and
restoration strategies.

The National Marine Fisheries Service, the
Environmental Protection Agency, and the Fish and
Wildlife Service (the "Agencies") seek to develop 1)
a training and outreach strategy to implement a
coordinated ecosystem approach to ESA’s habitat
conservation planning as well as additional protection
and restoration of aquatic habitat on nonfederal lands
and 2) a process for developing, approving, and
monitoring habitat conservation plans (HCPs), pre-
listing agreements, and other conservation
agreements for nonfederal lands that is consistent
with the mandates of ESA, the Clean Water Act, and
other applicable State and Federal requirements. This
document provides the technical basis from which
these goals can be accomplished. The primary
intended audience is agency personnel who have
background in the biological and physical sciences
and who are responsible for overseeing land
management activities. Use of technical terms that
may be unfamiliar to some readers was at times
unavoidable; consequently, the document may be less
accessible to those without formal technical training
in scientific disciplines.

The document is organized generally into three
pans. Chapters 1-10 (Part I) provide the technical
foundation for understanding salmonid conservation
principles from an ecasystem perspective. We discuss
the physical, chemical, and biological processes
operating across the landscape, within riparian areas,

and in aquatic ecosystems; these processes ultimately = -

influence the ability of streams, rivers, and estuaries

to support salmonids. Specific habitat requirements of
‘salmonids during each life stage are detailed. We

then review the effects of land-use practices on
watershed processes and salmonid habitats, focusing
on the impacts of logging, grazing, farming, mining,
and -urbanization on hydrology. sediment delivery,
channel morphology, stream temperatures, and |
riparian function. An overview is presented on the
importance of ocean variability in detertnining
production of anadromous salmonids and the
implications of this variability on restoration of
freshwater habitats of salmonids. Next, land-use
practices that minimize impacts to salmonids and
their habitats are discussed, followed by a brief
review of Federal laws that pertain to the '
conservation of salmonids on private lands. The

" Technical Foundation concludes with a review of

strengths and weaknesses of existing programs for
monitoring aquatic ecosystems; this chapter provides
the basis for monitoring recommendations presented
in Part IL ' _

Chapters 11-16 (Part I1) provide a general
conceptual framework for achieving salmonid
conservation on nonfederal lands in the Pacific
Northwest, as well as specific guidelines for the
development of Habitat Conservation Plans (HCPs)
pursuant to the Endangered Species Act. We propose
a hierarchical approach to the development ard
evaluation of HCPs and other conservation efforts,
stressing the need for site- or watershed-level
conservation efforts to be developed and evaluated

~within the larger context of basin and regional

conservation goals. We outline critical issues that
should be addressed at the scales of region and basin,
watersheds, and individual sites while planning
HCPs. We present details of specific elements for
planning effective HCPs and criteria for-evaluating
the potential effectiveness of HCP provisions where
such criteria are supported by current scientific
information. Included in this discussion is an
evaluation of the effectiveness of State rules for
riparian management to protect specific processes
that directly affect aquatic habitats. Compliance and
assessment monitoring strategies for HCPs and other
conservation efforts are proposed. The document
concludes with a suggested strategy for implementing
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salmonid conservation efforts on nonfederat lands.
An appendix (the third part) lists sources of data that
landowners and agencies may find useful in
developing and evaluating habitat conservation plans.
Over 1100 sources are cited within this document and
listed in the references section.

The perspective we present in this document

" found its anchor in the narural sciences. Although we

touch on social, economic, and ethical concerns, an
exhaustive discussion of these issues is beyond the
scope of the document. Nevertheless, it is our socio-
economic systems and values that shape our
perceptions of natural resources and drive our
demands for them. The fate of salmonids in the
Pacific Northwest is inexiricably interwoven into this
natural-cultural fabric. Just as conservation strategies
that are not based on sound ecological principles will
ultimately fail, ecological approaches that ignore
sociceconomic values, political realities, and ethical

issues are also at high risk of failure, Scientific
information influences how society both views and
values natural resources such as salmon, At the same
time, social vaiues influence where we devote our
research efforts (and hence the strengths and
weaknesses of our knowledge base) and the
feasibility of implementing what is ecologically
sound. In light of this interdependency between the
biclogical and social realms, we view this document
as one piece of a conservation and restoration puzzie
to be integrated into 2 more comprehensive

- assessment of what we as a society want and value,

what legacy we wish leave to future generations, and
how we can get there from here. o
) ' Brian C. Spence
Gregg A. Lomnicky
Robert M. Hughes
Richard P. Novitzki
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1 Executive Summary: Part |

1.4 Introduction

As substantial evidence accumulates, concerns
grow amid continuing declines of salmonids in the
Pacific Norr.hwest Anadromous salmonids returning
to the Columbia River to spawn have decreased from
hxstoncal highs of 10-16 million wild fish to fewer
than 2 'million fish, mostly originating from
hatcheries. At least 106 wild salmon stocks have
been extirpated, 214 are at high or moderate risk of
extinction, and many have been listed or are being
reviewed for listing under the Endangered Species
Act. Similarly, several resident species and stocks
have also been proposed for listing. Salmon fisheries
along coastal regions of Oregon and California have
been dramatically curta.xled because of dwindling
numbers of fish and increasing concern for wild
stocks. A- number of natural and anthropogenic
factors have contributed to these declines:
hydropower operations, over exploitation, artificial

- propagation, climatic and oceanic changes, and

destruction and degradation of habitar through land-
use and water-use practices, Although the relative
impact of these different factors varies among basins
and river systems, habitat loss and degradation are
considered contributing factors in the decline of most
saimonid populations.

Part [ of An Ecosystem Approach io Salmonid
Conservation is intended to provide a comprehensive
technical foundation for understanding saimonid
conservation principles in an ecosystem context,
Aquatic habitats critical to salmonids are the product
of processes acting throughout watersheds and
particularly within riparian areas along streams and
rivers. This document depends on the premise that
salmonid conservation can be achieved only by
maintaining and restoring these processes and their
natural rates. If ecosystems are allowed to function in
a natural manner, habitat characteristics favorable 1o
salmonids will result, and fish will be able to
reinvade and populate historical habitats, recover
from earlier stressors, and persist under natural
disturbance regimes, This ecosystem-oriented
approach complements recent Federal and State
strategies that emphasize watershed and landscape-
level functions of ecosystems for management and
conservation of forest resources.

After briefly reviewing evidence of trends for
Parific Northwest salmonids (Chanter 2). we disenss

physical, chemical, and biclogical processes that
affect aquatic ecosystems and the salmonids that
inhabit them (Chapters 3 and 4). Next, we present an
overview of habitat requirements of salmonids,
including elements that are essential to the general
health of aquatic ecosystemis, as well as specific
habitat requirements at each life stage of saimonids
(Chapter 5). We then discuss how human activities
affect watershed and instream processes, focusing on
effects of logging, grazing, agriculture (including
irrigation withdrawal), mining, and urbanization
(Chapter 6). Effects of dams, species introductions
(including harwchery practices), and salmon harvest:
are presenied more briefly since these 1opics, while

_ important in providing context for the document,

were beyond the scope of this project. We also’
review the influence of climatic and oceanic
conditions on salmonids and how these factors relate
to salmonid conservation (Chapter 7). Next, we
present an overview of management practices and
programs that reduce the detrimental effects of
human activities on salmonids (Chapter 8), followed
by a discussion of Federal laws and regulations
relevant to the conservation of salmonids (Chapter
9). Part I concludes with a review of strengths and
weaknesses of existing monitoring programs for
aquatic ecosystems (Chapter 10). In Part II of this
document, we provide a general conceptual
framework for achieving salmonid conservation on
nonfederal lands in the Pacific Northwest as well as
specific guidelines for the development of salmonid
conservation plans, including Habitat Conservation
Plans (HCPs), prepared pursuant to the Endangered
Species Act. A separate executive summary (Chapter
11) describes major findings and recommendations
related to conservation planning (Chapter 12-15).
This document focuses on anadromous salmonid .
species, including five Pacific salmon (chinook,
coho, chum, pink, and sockeye), trout and char with
both resident and anadromous forms (rainbow,
cutthroat, and bull trout), and strictly resident species
{mountain whitefish). The areal scope was limired to
the portions of the States of California, Idaho,
Oregon, and Washington that have supported
salmonid populations. For many subject areas, we
have relied heavily on comprehensive literature
reviews and syntheses already available in the
scientific literature. For subject areas where no such
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summaries were available, we have conducied more
extensive literature reviews.

. 1.2 Physical and Chemical Processes

. The physical and chemical characteristics of
streams, rivers, lakes, and estuaries of the Pacific
Northwest are the manifestation of processes
operating at many temporal and spatial scales,
Tectonic activity and glaciation have continually
reshaped the landscape of the Pacific Northwest over
millions of years. Alternating glacial and interglacial
periods have caused changes in vegetative cover and
geomorphic processes over significant portions of the
region. Present climatic conditions have prevailed for
the past 6,000 to 8,000 years, and modemn coniferous
forest communities developed over much of the
coastal region within the last 2,000 to 5,000 years. In
response to these changes, many river channels havé
shifted from unstable braided channeis to relatively
stable, meandering channels because the relative
influence of hydrology, sediment delivery, and
woody debris have changed.

Over periods of decades to centuries, large
floods, fires, and mass wastings have been dominant
natural disturbances influencing river channels. These
disturbances can cause abrupt changes in habitar -
conditions, reconfiguring the stream channel,
transporting streambed materjals, depositing large
quantities of coarse and fine sedimemts to streams,
and altering hydrologic and nwirient cycling
processes. These changes may persist for decades or
more, affecting the relative suitability of habitats to
various salmonids.

At the watershed and site levels, the major
processes that affect the physical and chemical
attributes of aquatic ecosystems are hydrology,
sediment transport, heat energy transfer, nutrient
cycling/solute transport, and delivery of large woody
debris to streams. Runoff from the watershed affects
stream habitats directly by determining the timing
and quantity of streamflow, which control habitat
availability and influence channe| configuration, and
indirectly by affecting the processes of energy
wransfer, sediment transfer, and nutrient
cycling/solute transport. The amount of water
reaching streams is a function of precipitation .
patierns, evapotranspiration losses, and infiltration
rates, which in turn are affected by watershed
characteristics including local climate, topography,
soil type, slope, and vegetative cover. Hydrologic
regimes of streams in the Pacific Northwest can be
divided into three general patterns: rain-dominated
systems, which are hydrologically flashy because of
frequent rainstorms during the winter (coastal
mountains, lowland valleys, and fower elevations of
the Cascade and Sierra Nevada Mountains); transient-
snow systems, which exhibit both rain and spow

during the winter and may experience high flows
associated with rain-on-snow events (mid-elevation of
the Cascade, northern Sierra Nevada, and Olympic
Mountains); and snow-dominated systems, where
most precipitation falls as snow during the winter
months and is delivered to streams in the spring as
snow melts (higher elevations of the Cascade, Sierra
Nevada, Olympic, and Rocky Mountains, and mid-
elevation areas east of the Cascade/Sierra Crest).
Sediment from upland and riparian areas plays a
major role in determining the nature and quality of
salmonid habitats in streams, rivers, and estuaries,
Sediment is generated from surface erosion and
mass-wasting processes. Surface erosion occurs when
soil particles are-detached by wind, rain, overiand
flow, freeze-thaw, or other disturbance (animals,
machinery) and transported to the stream channel.
Mass wasting (slumps, earthflows, landslides, debris
avalanches, and soil creep) results from weathering,
freeze-thaw, soil saturation, groundwater flow,
earthquakes, undercutting of streambanks, and wind
stress transferred to soil by trees, Bank erosion and
bedload movement occur naturally during high flows,
but both may be exacerbated where riparian
vegetation that stabilized banks is removed or when
peak flows are increased by human activities,
Watershed characteristics affecting sediment transport
include climate, topography, geology, soil type and

- erodibility, vegetative cover, and riparian zone

characteristics. West of the Cascades, mass wasting

is the major source of sediments in undisturbed
systems; east of the Cascades, both surface erosion
and mass wasting may be important sources of
sediments. In general, rain-dominated systems tend to
yield more sediment that snow-dominated systems,
although interbasin variability is high because of
differences in topography, total precipitation, and soil
type. _
Stream temperatures influence virtually all aspects
of salmonid biology and ecology, affecting the
development, physiology, and behavior of fish, as
well as mediating competitive, predator-prey, and
disease-host relationships. Heat energy is transferred
10 streams and rivers by six processes: short-wave
radiation (primarily solar), long-wave radiation,
convective mixing with the air, evaporation,
conduction with the stream bed, and advective
mixing with inflow from ground water or tributarjes.
The temperature of streams represents a balancing of
these factors. During the summer, incoming solar
radiation is the dominant source of energy for
smaller streams, though groundwater discharge may
be locally important. Consequently, riparian
vegetation plays a major role in controiling summer
stream temperatures as may topographic features that
provide shade. During the winter, direct solar
radiation becomes less important because of lower
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sun angles, shorter days, and cloudier conditions.
Stream characteristics, including width, depth,
velocity, and substrate also determine the rate at
which heat is gained or lost through radiation,
convection, conduction, and evaporation. As streams
become larger and less shaded downstream, the
influence of both terrestrial vegetation and
groundwater inputs diminishes, and temperatures tend
1o equilibrate with mean air temperatures.

Water is the primary agent dissolving and
transporting solutes and particulate matter across the
landscape, integrating processes of chemical delivery
in precipitation, weathering, erosion, chemical
exchange, physical adsorption and absorption, and
biotic uptake and release. Climate, geology, and
biologidal processes all influence the character and
availability of inorganic solutes. The composition and
age of parent rock determine the rate of weathering
and hence the release of soluble materials. These
dissolved materials are transported by surface and
groundwater flow to streams. The biota of terrestrial,
riparian, and aquatic ecosystems mediate the soutrces
and cycling of major nutrients and associated organic
solutes through processes such as photosynthesis,
respiration, food uptake, migration, liuer fall, and
physical retention. Side channels on floodplains are
areas of high nutrient uptake and processing because
of low current velocities and extensive contact with
the water column. Riparian vegetation may remove a
significant proportion of the available phosphorous
and nitrogen (60%-90%) and thus directly affects
stream productivity,

Once in the stream, nutrients are transporied
downstream until they are taken up and processed by
organisms and then released again, collectively
termed "nutrient spiraling.” The average distance
over which one complete spiral occurs varies with
stream characteristics, including retentive strucrures
that physically trap particulate matter, stream size,
water velocity, and the degree of contact between the
water column and biological organisms inhabiting the
stream bed. Simplification of channel structure
increases nutrient spiral length, decreasing retention
efficiency. Salmon and lamprey carcasses are also an
integral part of nutrient cycling for both aquatic and
riparian systems; thus declines in salmonids may
cause more fundamental changes in ecosystem
productivity than the simple loss of stocks or species.

Riparian and floodplain areas are the critical
interface between terrestrial and aquatic ecosysiems,
serving to filter, retain, and process materials in
transit from uplands to streams, Riparian vegetation
plays a major role in providing shade to streams and
overhanging cover used by salmonids. Streamside
vegetation stabilizes stream banks by providing root
mass to maintain bank integrity, by producing
hydraulic roughness to slow water velocities, and by

promoting bank building through retention of
sediments. Riparian vegetation also provides much of
the organic litter required to support biotic activity
within the stream as well as the large woody debris
needed to create physical structure, develop pooi-
riffle characteristics, retain gravels and organic litter,
provide substrate for aquatic invertebrates, moderate
flood disturbances, and provide refugia for organisms
during floods. Lirge woody debris performs
important functions in streams, increasing channel
complexity, creating hydraulic heterogeneity, and
providing cover for fish. Large wood also provides.
critical habitat heterogeneity and cover in lakes,
estuaries, and the ocean. In addition to the aquatic
functions that riparian areas perform, they typicaily
provide habitat and create unique microclimates
important to a majority of the wildlife occupying the
watershed.

1.3 Biological Processes -

The physiology and behavior of organisms, the
dynamics and evolution of populations, and the
trophic structure of aquatic communities are
influenced by the spatial and temporal patterns of
water quantity and velocity, temperature, substrate,
physical structure, and dissolved materials. At the
organism level, survival of salmonids depends on
their ability to carry out basic biological and
physiological functions including feeding, growth,
respiration, smoltification, migration, and
reproduction. All of the habitat characteristics listed
above influence the quality and amount of food
energy available, the amount of energy expended for
metabolic processes, and hence the amount available
for growth, migration, and reproduction,

Each phase of the saimonid life cycle—adult
maturation and migration, spawning, incubation of
embryos and alevins, emergence of fry, juvenile
rearing, and smolt migration—may require utilization
of and access to distinct habitats. The strong homing
ability of salmonids has led to the formation of
numerous, refatively isolated stocks, each adapted to
the specific environmental conditions found in its

- patal and rearing habitats. This adaptation is reflected

in the wide diversity of life histories exhibited by the
salmonids of the Pacific Northwest. A major concern
is that land use and water use have rediced habitat
diversity through loss or simplification of habitat,
which in turn has reduced the life-history diversity
exhibited in the salmonid populations. At larger
spatial scales, groups of populations or
"metapopulations” interact infrequently through
straying or dispersal. Metapopulation theory suggests
local populations within metapopulations periodically
go extinct and are recolonized and that
metapopulations will persist if recolonization rates
exceed extinction rates. The core-satellite
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. metapopulation model proposes that extinction
probability is not equal among populations and that
certain extinction-resistant populations are important
"seed” sources of recolonizers for habitats made -
vacant by extinction. Conservarion of salmonids thus
depends on maintaining: connectivity among habitats
to allow reinvasion of vacant habitats, sufficient
genetic diversity to allow successful recolonization of
these habitats, and refugia from which dispersal can
occur. The concept of Evolutionarily Significant
Units presently being used by Federal agencies to
determine appropriate units of conservation for
salmonids is based in part on these metapopulation
considerations. ,

Biotic communities in aquatic ecosystems are
influenced by predator-prey, competitive, and
disease- or parasite-host relationships within and
among species. Current theory suggests that
disturbance plays a major role in influencing the
outcome of these interactions and, thus, in
determining community or assemblage structure. Two
models appear applicable to stream communities. The
"intermediate disturbance hypothesis” argues that
diversity is greatest in systems experiencing
intermediate disturbance, because neither colonizers
(favored by frequent disturbance) nor superior
competitors (favored by infrequent disturbance) can
maintain dominance. The "dynamic equiiibrium
model* proposes that community strucrure is a
function of growth rates, rates of competitive
exclusion, and frequency of population reductions;
inferior competitors persist if disturbance occurs
often enough to prevent competitive exclusion, but
species with long life cycles are lost if disturbance is
too frequent, Both of these theories suggest that
increases in disturbance frequency caused by human
activities are likely to alter community structure,

Food webs in aguatic systems are highly
complex, consisting of many species representing
several trophic levels. These food webs can be highly
modified by environmental changes in light energy or
nutrient inputs; alterations of streamflow,
temperature, or substrate; and introductions of non-
native organisms. Changes in physical habitat
characteristics can alter competitive interactions
within and among species. Similarly, changes in
temperarure or flow regimes may favor species that
prey on salmonids, such as northern squawfish and a
host of introduced predators. Salmonids are affected
by a variety of bacterial, viral, fungal, and
microparasitic pathogens. Both the immune system of
fishes and the virulence of pathogens are greatly
affected by environmental conditions, especially
temperature; thus, alteration of temperature,
substrate, and flow may increase the incidence of
epizootics.

1 Executiv_e Summary

1.4 Saimonid Habitat Requirements
Operating throughout the watershed and actoss
the landscape, all of the physical, chemical, and
biclogical processes discussed above affect the
features and characteristics of aquatic habitats from
headwater streams and lakes to estuaries and the
ocean. To protect or restore desirable habitat requiires
that the natural processes producing those features
and characteristics must be maintained or restored.
Four general principles should be considered when
determining habitat requirements of salmonids:

® Watersheds and streams differ in their flow,
temperature, sedimentation, rutriems, physical
structure, and biological components.

¢ Fish populations adapt and have
adapted—biochemically, physiologically,
morphologically, and behaviorally—to the natural
environmental fluctuations that they experience
and to the biota with which they share the stream,
lake, or estuary.

® Specific habitat requirements of salmonids differ
among species and life-history types, and these
requirements change with season, life stage, and
the presence of other biota.

® Aquatic ecosysters change over evolutionary
time, '

Consequently, there are no simple definitions of
salmonid habitat requirements, and the goal of
salmonid conservation should be to maintain habitat
elements within the natural range for the particular,
system.

Five general clagses of features or characteristics
determine the suitability of aquatic habitats for
salmonids: flow regime, water quality, habitat
structure, food (energy) source, and biotic
interactions. Flow regimes directly influence the
depth and velocity of water and the total available
habirat space for salmonids and their food organisms
as well as perform other functions such as
redistributing sediments, flushing gravels, and
dispersing vegetation propagules. Water quality
requirements include cool temperatures, high
dissolved oxygen, natural nutrient concentrations, and
Jow levels of pollutants. Salmonids prefer cold water,
and temperatures above 25°C are lethal to most
species; individual species have specific preference
ranges that vary by life stage. Variation in
temperature is required to trigger spawning, support
growth, initiate smoltification, and enable other parts
of the salmonid life cycle. Salmonids require well
oxygenated water (> 6 mg/l) thréughout their life
cycles, and any level below saturation can be
detrimental. Nutrient levels vary among streams and
must be sufficient to support natural plani and animal
assemblages. Imporntant structural attributes of
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streams include pools, riffles, substrate, cover (e.g.,
undercut banks, overhanging vegetation), depth, and
hydraulic complexity. The presence of large woody
debris enhances chanrel complexity, creating
hydraulic heterogeneity, pools, side channels, back
eddies, and other features that are used by salmonids
and other aquatic organisms. Maintaining adequate
food sources depends upon maintaining namral inputs
of allochthonous material (type, amount, and timing)-
as well as physical structures needed to retain these

_materials. Normal biotic interactions also must be

maintained to ensure the heaith of aquatic
ecosystems, including competitive, predator-prey,
and 'diseaseparasite relations.

Stream habitat and channe! features vary
markedly from headwater streams to the estuaries
and ocean. Salmonids, particularly anadromous
species, use the entire range of habitats encountered
during completion of their life cycles. The diversity
of life histories exhibited by saimonids has developed
1o accommodate and fully exploit the range of
habitats encountered. Loss of specific elements of
habitat diversity may reduce the diversity exhibited in
the salmonids’ life histories, which in um may
influence the ability of these fish to adapt to natural
and anthropogenic change.

Habitat requirements vary by life stage. During
spawning migrations, adult salmon require water of
high quality (cool temperatures or thermal refugia,
dissolved oxygen near 100%, and low turbidity);
adequate flows and depths to allow passage over
barriers 1o reach spawning sites; and sufficient
holding and resting sites. Spawning areas are selected
on the basis of species-specific requirements of flow,
water quality, substrate size, and groundwater
upwelling. Embryo survival and fry emergence
depend upon substrate conditions, including gravel
size, porosity, permeability, and oxygen levels;
substrate stability during high flows; and appropriate
water temperatures (< 14°C for most species, but
< 6°C for bull trout). Habitat requirements for
rearing juveniles of anadromous species and adults of
resident species also vary with species and size.
Microhabitat requirements for holding, feeding, and
resting each differ, and these requirements change
with season. Migration of juveniles to rearing areas
(whether the ocean, Jakes, or other stream reaches)

_ requires unobstructed access to these habitats.

Physical, chemical, and thermal conditions may ail
impede migrations of juvenile fish.

1.5 Effects of Human Activities on
Watershed Processes, Salmonids,
and Their Habitats

Land-use practices, including forestry, grazing,
agriculture, urbanization, and mining can

. substantiaily alter watershed processes, resulting in

degradation of streams, lakes, and estuaries. Logging
and grazing affect the greatest percentage of lands in
the Pacific Northwest, but effects of agriculture,
urbanization, and mining may resuit in a higher
degree of local disturbance. Most of the alterations
from land-use practices in upland areas result from
changes in vegetation and soil characteristics, which
in rarn affect the quantity and routing of water,
sediments, nutrients, and other dissolved materials
delivered 1o streams. In addition, application of
chemical fertilizers and biocides can affect water
quality. Activities. within the riparian zone can alter
shading (and hence stream temperature), transport
and supply of sediment, inputs of organic liter and
large wood, bank stability, seasonal streamflow
regimes, and flood dynamics. Dams, irrigation
diversions, and road crossings hinder migrations,
alter physical and chemical character of streams, and
change the composition of siream biota. Harvest of
salmonids reduces the abundance and alters the size-
and-age structure of popuiations. Introduced fish
species can adversely affect native salmonids through
competition, predation, and disruption of physical
habitat. Similarly, hatchery-reared salmonids may
have similar impacts as well as altering the genetic
structure of populations through introgression.

1.5.1 Forestry

Forest practices result in removal and disturbance
of natural vegerarion, disturbance and compaction of
soils, construction of roads, and installation of
culverts. Removal of vegetation typically reduces
water loss to evapotranspiration, resulting in
increased water yield from the watershed. In general,
increases in water yield are greater west of the
Cascades than they are on the east side. Increases in-
peak flows following logging have been reported and
likely result from combined effects of vegetation
removal and more rapid routing of water from -
uplands to the stream channel. Short-term increases
in summer base flows frequently follow logging;
however, evidence from one Cascade watershed
suggests base flows may be reduced over the long
term, particularly if coniferous vegetation is replaced
by hardwood- dominated stands.

Site disturbance and road constructicn typically
increase sediment delivered to streams through mass
wasting and surface erosion, which can elevate the -
level of fine sediments in spawning gravels and fill
substrate interstices that provide habitat for aquatic
invertebrates. The removal of riparian canopy
reduces shading and increases the amount of solar
radiation reaching the streams, resulting in higher
maximum stream temperatures and increased diel and
seasonal flucmations. In addition, the loss of riparian
vegetation may increase radiative cooling during the
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- winter, enhancing the formation of anchor ice. In
other systems, increases in winter stream
temperatures have been observed after logging.
Increases in maximum temperature after logging
depend on the size and morphology of the stream and
on the type and density of canopy removed. Altered
stream temperatures persist until prelogging levels of
shade are re-established, which may take from less
than 10 to more than 40 years.

Timber harvest removes plant biomass, and hence
nutrients, but nutrients are more available to streams
immediately following harvest, resulting in part from
addition of slash to the forest floor, accelerated
decomposition of litter, and increased runoff and
eroston. This short-term increase diminishes as soils
stabilize and revegetation occurs. Where logging .
occurs in riparian areas, delivery of leaf litter and
large woody debris to the stream is reduced, and may
significantly alter the nutrient balance and physical
character of the stream. Loss of large woody debris,
combined with alteration of hydrology and sediment
transport, reduces complexity of stream micro- and
macrohabitats and causes loss of pools and channel
sinuosity. These alterations may persist from decades
to centuries. Changes in habitat conditions may affect
fish assemblage structure and diversity (e.g.,
favoring species that prefer riffles rather than pools),
alter the age-structure of salmonid populations, and
disrupt the timing of life-history events. Other effects
on salmonids include reduced embryo survival and
fry production, decreased growth efficiency,
increased susceptibility to disease and predation,
lower overwinter survival, blocked migration (e.g.,
inadequate culverts), and increased mortality through
anglers’ improved access 10 streams.

1.5.2 Grazing

Grazing results in the removal of natural
vegetation, the alteration of plant-community
composition, and the modification of soil
characteristics, which in tum affect hydrologic and
erosional processes. Effects are particularly acute in
_ the riparian zone, where livestock tend to congregate,
atrracted by water, shade, cooler temperatures, and
an abundance of high-quality forage. In general,
grazed lands have less vegetation and litter cover
than ungrazed lands, and in many areas of the West,
perennial grasses have been replaced by non-native
annual grasses and weedy species. Greater exposure
of soils leads to splash erosion, which decreases soil
permeability and results in more rapid runoff of
precipitation 10 the streamn channel. As a
consequence, peak flows may be higher and summer
base flows lower i in watersheds that are intensively
grazed.

Livestock also affect vegetation and soils through
trampling. Trampling soils in arid and semi-arid

lands may break up the fragile cryptogamic crust
{comprised of symbiotic mosses, algae, and lichens)
causing reduced infiitration, increased runoff, and
reduced availability of nitrogen for plant growth. In
addition, trampling detaches seil particles,
accelerating surface erosion in upland areas, and may
promote mass wasting along streambanks. Mass
wasting also occurs where grazing has eliminated
riparian vegetation and hence the root matrix that
helps bind soil together. All of these processes result
in increased sediment transport 10 streams. Animals
also redistribute seeds and nutrients across the
landscape, especially to riparian zones or other
attractors, such as spring seeps or salt blocks.
Devegetating riparian zones reduces shading and
increases summer stream temperatures—often in
streams that are where temnperatures are near the
upper limit of the tolerable range for salmonids— and

‘may also increase the formation of anchor ice in the

winter. Grazing also results in changes in channel
morphology through changes in hydrology,
sedimentation, and loss of bank stability. Streams in
grazed areas tend to be wider and shallower, and
consequently warmer in summer, than in ungrazed
reaches. [n some instances, sireams in grazed areas
incise in response to increased peak flows, effectively
disconnecting the stream channel from the floodplain.
Incision further alters the hydrology of the stream by
lowering the water table and, consequently, the plant
community occupying the riparian zone ntay shift
from hydric (wetland) to xeric vegetation. Grazing in
the riparian zone can reduce recruitment of large |
woody debris, especially because re-establishment of
riparian shrubs and trees rarely occurs if grazing
pressure is not reduced. Loss of woody debris
reduces retention of gravels, creation and
maintenance of pool habitats, and instream cover.
General effects of grazing on salmonids include
reduced reproductive success because of
sedimentation of spawning gravels, alteration of food
supplies through changes in primary and secondary
production, reduced fish densities, and shifts in the
composition of fish, invertebrate, and algal
communities.

1.5.3 Agriculture

Although agriculture is not a dominant land use in
the Pacific Northwest (approximately 16% of the
total land area), alterations to the land surface are
more severe than those caused by forestry or
grazing, are generally permanent, and tend to involve
repeated disturbance, Replacing natural grasslands,
forests, and wetlands with annual crops leaves much
area unvegetated during part of the year and
dramatically changes the function of plants and soil
microbes in the tilled areas. Repeated tillage,
fertilization, and harvest permanently alter soil
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character, resulting in reduced infiltration and
increased surface runoff, These changes alter
seasonal streamflow patterns by increasing high
flows, lowering water tables, and reducing summer
base flows in streams. Channelizing to reduce local
flooding and alter the geometry of cropped lands also
facilitates more rapid routing of water to the siream
channel, thereby increasing peak flows downstream.
Sediment yield from agricultural lands is typically
greater than from prairie, forest, or wetland areas,
and can reduce the qualiry of spawning gravels and
the abundance of food organisms. Where riparian
shading is lost or summer base flows are reduced,
stream temperatures are increased. Nutrients,
insecticides, and herbicides afe typicatly elevated in
streams draining agricultural areas, reducing water
quality. Channelization, snag removal, revetments,
and removal of riparian vegetation reduce habiiat
cornplexity, decrease channel stability, and alter the
food base of the stréam. As a result, incised and
channelized streams in agricuitoral areas typicaily
support smaller fish and fewer fish species.

1.5.4 Urbanization

Urbanization has affected only 2% of the land
area of the Pacific Northwest, but the consequences
to aguatic ecosystems are severe and long-lasting.

The land surface, soil, vegetation, and hydrology are.

all sigpificantly aitered in urban areas. As
deveiopment proceeds, the percentage of land
covered by impervious surfaces increases, reducing
the area available for infiltration and increasing
surface runoff. Buildings, parking lots, roads,
gutters, storm drains, and drainage ditches in
combination quickly shunt precipitation to receiving
strearns, resulting in an increased magnitude and
frequency of peak discharge and reduced summer
base flow. Sediment delivery typically increases
during construction activities. The total vegetated
area is greatly reduced, and replacement vegeration,
typically lawns and ornamental plants, 1_require: water,
fentilizers, and pesticides. Riparian cortidors
frequently are constricted, disabling or altering
riparian function. Loss of riparian vegetation and
reduced base flows allow greater heating of streams
during sumrmer. In addition, the lack of recruitment
of large wood combined with increased erosive
potential of peak flows increase scouring of the
streambed and downstream transport of wood,
resulting in simplified stream channels and greater
instability. These effects are exacerbated when
streams are channelized and where banks are
reinforced with concrete, rip-rap, or other hard
structures, Water quality is adversely affected by
inpurs of fertilizer and pesticides washed from lawns
and yards, discharge from sewage treatment facilities
and industrial sources, and contaminated runoff from

surface streets, The highly altered streams found in
most urban areas provide poor habita: for fish and
other aquatic biota.
1.5.5 Mining

Sand and gravel mining in strearns and on
adjacent floodplains have substantial effects on
stream channels and hydraulic characteristics. In
addition 1o the immediate morphological changes in
stream channels caused by excavation, channels
continue to exhibit instability, accelerated erosion,
and altered substrate composition and structure after
extraction has ceased. Dowpcutting of stream
channels frequently follows gravel mining, often
exceeding 4-6 meters in depth over periods ranging
from months to decades. The downcutting and
simplification of streatn channels resulis in increased

_ flood peaks, increased sediment transport, increased

temperatures, and decreased base flows. The most
direct impacts to salmonids are degradatio